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SURFACE CLEANER AND COLLECTOR
SYSTEM

FIELD OF INVENTION

This invention relates to a surface cleaner and collector
system and more particularly to such a system which can

clean the surface of a web or plate of material. Applicant has
filed Disclosure Document No. 343,572 filed Nov. 29, 1993,

BACKGROUND OF INVENTION

In manufacturing their products many industries utilize a
web, which 1s a sheet of material that moves from one roll
to another. Generally, the material 1s paper, plastic, woven
fabric, or non-woven fabric; however, a web could be
formed of any number of other suitable materials. These
industries have found that product quality, plant safety and
facility maintenance improve if the webs are cleaned. Web
debris can cause a variety of problems, such as: interfering
with the web process by leaving defects in the product;
accumulating on the web processing equipment and pre-
venting proper operation or producing a fire hazard; and
contaminating the sterile environments required in certain
applications.

Prior web cleaning systems operate by blowing off,
vacuuming, wiping or brushing the debris from the web.
Also, other systems have used an ultrasonic whistle and
clectrostatic repulsion. However, each of these systems has
its shortcomings.

Blow-off type systems operate without any provision to
collect the debris that 1s removed from the web. Therefore,
the removed debris can cause problems by 1ts presence 1n the
air, or by settling on surfaces 1n the vicinity of the web.

Vacuum type systems require a vacuum motor nearby the
web and/or bulky vacuum hoses or ducts which are utilized
to transport the removed debris to a remote collector system.
These systems are typically bulky, very loud, require a
substantial amount of electrical energy to operate and pro-
duce excess heat at the vacuum motor. Moreover, these
systems are often ineffective at separating debris from the
web due to the difficulty 1n obtaining a layer of air at the
surface that 1s moving at a speed sufficient to agitate the

debris.

Combined vacuum and blow-off systems are somewhat
ciective at removing and capturing debris, but still suffer
from the problems of vacuum motors, hoses, and space for
a collector system. Furthermore these systems tend to be
relatively expensive.

Wiping and brushing systems require that the web be
mechanically contacted and therefore often disturb the web
surface. Thus, these types of contact systems are not suitable
for all types of web processes.

Ultrasonic whistle systems may provide a more effective
blow-ofl than other types of systems, but they still rely on a
vacuum to collect the removed debris. Therefore, these
systems have the same shortcomings as the vacuum systems.

Electrostatic repulsion systems are not eifective for all
types of webs and generally do not remove all types and
sizes ol particles. In addition, control of the electrostatic
repulsion process 1s generally difficult.

Moreover, while these systems do provide means for
cleaning a web surface, albeit rather meflectively, none of
the prior art systems are useful in determining the source of

the debris.

SUMMARY OF INVENTION

It 1s therefore an object of this 1invention to provide an
improved surface cleaner and collector system.
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It 1s a further object of this invention to provide such a
surface cleaner and collector system which removes debris
from a surface efficiently without contaminating the envi-
ronment with the removed debris.

It 1s a further object of this invention to provide such a
surface cleaner and collector system cleaning system which
removes the debris within a sealed system, thereby prevent-

ing escape of the debris from the system.

It 1s a further object of this invention to provide such a
surface cleaner and collector system which removes debris
without the need for bulky, loud, and expensive vacuum
equipment.

It 1s a further object of this invention to provide such a
surface cleaner and collector system which removes debris
without requiring mechanical rubbing or brushing contact
with the surface to be cleaned.

It 1s a further object of this invention to provide such a
surface cleaner and collector system which 1s relatively
compact 1n size and does not release excess heat near the
cleaning operation.

It 1s a further object of this invention to provide such a
surface cleaner and collector system which provides a high
velocity shearing action of the air at the surface for effec-
tively separating the debris from the surface.

It 1s a further object of this invention to provide such a
surface cleaner and collector system which 1s capable of
showing the pattern of debris on the surface, which 1s useful
as an analytical tool 1n determining the source of debris.

This i1nvention results from the realization that an
improved surface cleaner and collector system can be
achieved by providing a sealed chamber having a positive
pressure therein and having an opening for receiving a
surface to be cleaned, providing at least one pressurized air
delivery system proximate the surface for establishing an air
flow for loosening and entraining contaminants on the
surface, and providing a collector for trapping the entrained
contaminants and passing the air tlow.

This invention features a surface cleaner and collector
system. The system includes a chamber having an opening
for receiving a surface to be cleaned. There 1s a pressurized
air delivery system proximate the surface for establishing an
air flow for loosening and entraining contaminants on the
surface. There 1s a sealing system for sealing the chamber
and creating a positive pressure therein. There 1s also a
collector for trapping the entrained contaminants and pass-
ing the air tlow.

In a preferred embodiment the surface may be a web or a
plate. There may further be included a surface delivery
system for transporting the surface through the opening in
the chamber. The surface delivery system may include an
idler roller, at least a portion of which is positioned within
the opening of the chamber, for supporting the surface and
introducing 1t to the chamber. The surface delivery system
may Include a plurality of air expulsion passages on the
surface of the air delivery system and means for introducing
an air flow to the surface delivery system and the air
expulsion passages to establish a cushion of air between the
surface delivery system and the surface to be cleaned. There
may further be included a static eliminator system {for
reducing the static electricity which binds the contaminants
to the surface. The static eliminator system may include at
least two static eliminator bars positioned on opposite sides
of the surface. The air delivery system may include at least
one air delivery device positioned proximate the surface.
The air delivery device may be positioned 0.002 to 0.500
inches from the surface. The air delivery device may have a
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length substantially equal to the width of the surface to be
cleaned. The at least one air delivery device may include a
Coanda air knife. The air delivery system may include two
spaced air delivery devices positioned proximate the sur-
face. The air delivery devices may be positioned 0.002 to
0.500 1nches from the surface. The air delivery devices may
include Coanda air knives. There may further be 1included a
manifold interconnected with one end of the two air delivery
devices for supplying air thereto. There may further be
included two manifolds, one manifold being interconnected
with one end of each air delivery device and the second
manifold being interconnected with a second end of each air
delivery device. The two air delivery devices may have
lengths substantially equal to the width of the surface to be
cleaned. The sealing system may include edge seals. The
edge seals may mclude a gap formed by locating the sides
of the surface delivery system no greater than approximately
0.200 1inches from the edges of the chamber thereby limiting
the escape of contaminants. The edge seals may include at
least two air delivery devices in close proximity to both ends
of the surface delivery system for sealing the edges of the
chamber proximate the edges of the surface. The collector
may include a filter for trapping the entrained contaminants
and passing the air flow. The filter may be located proximate
the surface and 1n a confronting relationship with respect to
the surface so that the pattern of contaminants on the surface
1s depicted on the filter surface. The collector may include a
collector vessel which 1s located remotely from the chamber
for collecting the entrained contaminants. There further be
included a conduit for interconnecting the chamber and the
remote collector vessel. The collector vessel may include a
filter for trapping any uncollected entrained contaminants
and for passing the air flow. There may further be included
means for recirculating the passed air flow from the collector
and for mtroducing a recirculated air flow 1nto the air flow
established by the air delivery system. The means for
recirculating may include means for filtering the recirculated
air flow. The means for recirculating may i1nclude collector
means for collecting heavier contaminants entrained 1n the
passed air flow. The means for recirculating may include
output regulator means for recirculating a portion of the
passed air flow to increase the air flow and exhausting the
remaining air flow to the atmosphere. There may further be
included a filter carrier system for removably positioning the
filter proximate the chamber. The filter carrier system may
include a removable filter carrier assembly for supporting
the filter and a {filter carrier assembly receiving means for
rece1ving the filter carrier assembly. The filter carrier assem-
bly may include a plurality of pressure clips which engage
a like plurality of pressure clips on the filter carrier receiving
means for securing the filter carrier assembly 1n place. There
may further be included means for adjusting the spacing
between the air delivery devices and the surface. The means
for adjusting may include means for rotatably positioning
the air delivery devices proximate the surface, wherein the
means for positioning 1s hinged at one end and moveable at
its other end such that the spacing between each said air
delivery device and the surface remains substantially equal
throughout the adjustment range. The chamber may 1nclude
a moveable flapper for directing the air flow within the
chamber. The collector may include at least two {filters and
the moveable flapper may be positionable to direct the air
flow to either filter or both. There may further be 1ncluded
a second surface cleaning system for cleaning the opposite
surface of the surface to be cleaned including: a second
chamber having an opening for receiving the opposite
surface; at least one pressurized air delivery system in the
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second chamber proximate the opposite surface for estab-
lishing an air flow for loosening and entraining contaminants
on the opposite surface; a secaling system for scaling the
second chamber and creating a positive pressure therein; and
a collector for trapping the entrained contaminants and
passing the air tflow. The sealing system for the second
chamber may include edge seals. The edge seals may
include a gap formed by positioning the ends of the surface
delivery system 1n close proximity to the edges of the second
chamber thereby limiting the escape of contaminants. The
cedge seals may include at least two pressurized air delivery
devices 1n close proximity to both edges of the opposite
surface for sealing the edges of the second chamber proxi-
mate the edges of the opposite surface. The air delivery
system may 1nclude a source of compressed air for estab-
lishing an air flow to the air delivery devices and a regulator
device for regulating the air flow to the air delivery devices.
The regulator device may include an air amplifier for
entraining air to decrease the air supplied from the source of
compressed air. There may further be included means for
recirculating the passed air flow from the collector. The
means for recirculating may include output regulator means
for recirculating a portion of the passed air flow, exhausting
a portion of the air flow to the atmosphere and entraining a
portion of the air flow into the air amplifier. There may
further be included an enclosure for enclosing the surface
cleaner system. The pressurized air delivery system may
include a shaped air delivery device for providing the air
flow about the periphery of the chamber. The shaped air
delivery device may be circular.

This invention also features a surface cleaner and collec-
tor system which includes a chamber having an opening for
receiving a surface to be cleaned. There are first and second
opposing pressurized air devices proximate the surface for
establishing an air flow for loosening and entraining con-
taminants on the surface. There 1s a sealing system for
scaling the chamber and creating a positive pressure therein.
The sealing system includes circular and/or multiple inward-
directed pressurized air devices. There 1s a filter for trapping
the entrained contaminants and passing the air flow.

This mvention further features a surface cleaner and
collector system which includes a chamber having an open-
ing for receiving a surface to be cleaned. There are first and
second opposing Coanda air knives proximate the surface
for establishing an air flow for loosening and entraining
contaminants on the surface. There 1s a sealing system for
scaling the chamber and creating a positive pressure therein.
There 1s also a collector for trapping said entrained con-
taminants and passing the air flow.

This invention additionally features a surface cleaner and
collector system which includes a chamber having an open-
ing for receiving a surface to be cleaned. There are first and
second opposing Coanda air knives proximate the surface
for establishing an air flow for loosening and entraining
contaminants on the surface. There 1s a sealing system for
scaling the chamber and creating a positive pressure therein.
The secaling system includes third and fourth opposing
Coanda air knives 1n close proximity to both edges of the
surface. There 1s a collector for trapping the entrained
contaminants and passing the air flow.

This invention further features a surface cleaner and
collector system. The system includes a chamber having an
opening for receiving a surface to be cleaned. There 15 a
shaped air delivery system proximate the surface for estab-
lishing an air flow about the periphery of the chamber for
loosening and entraining contaminants on the surface. There
1s a scaling system for sealing the chamber and creating a
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positive pressure theremn and a collector for trapping the
entrained contaminants and passing the air flow. In a pre-
ferred embodiment the shaped air delivery system 1is circular.

This invention also features a cleaner and collector system
for cleaning opposite surfaces of an object. The system
includes a first chamber having an opening for receiving a
first surface of the object to be cleaned. There 1s a first
pressurized air delivery system proximate the first surface
for establishing an air flow for loosening and entraining
contaminants on the first surface. There 1s a sealing system
for sealing the first chamber and creating a positive pressure
therein. There 1s a first collector for trapping the entrained
contaminants and passing the air flow. There 1s further
included a second chamber having an opening for receiving
a second, opposite surface of the object to be cleaned and a
second pressurized air delivery system proximate the
second, opposite surface for establishing an air flow for
loosening and entraining contaminants on the second, oppo-
site surface. There 1s a second sealing system for sealing the
seccond chamber and creating a positive pressure therein.
There 1s also a second collector for trapping the entrained
contaminants and passing the air flow.

This 1nvention further includes a surface cleaner and
collector system which 1ncludes a chamber having an open-
ing for receiving a surface to be cleaned and a pressurized
air delivery system proximate the surface for establishing an
air flow for loosening and enfraining contaminants on the
surface. There 1s a sealing system for sealing the chamber
and creating a positive pressure therein and a collector
vessel located remotely from the chamber for collecting the
entrained contaminants and passing the air flow.

This invention further features a surface cleaner and
collector system which 1includes a chamber having an open-
ing for recewving a surface to be cleaned. The system
includes a pressurized air delivery system proximate the
surface for establishing an air flow for loosening and
entraining contaminants on said surface. There 1s a sealing
system for secaling the chamber and creating a positive
pressure therein and a collector for trapping the entrained
contaminants and passing the air flow. The collector includes
at least two filters and a movable flapper which 1s position-
able to direct the air flow to either filter or both.

DISCLOSURE OF PREFERRED EMBODIMENT

Other objects, features and advantages will occur to those
skilled in the art from the following description of a pre-
ferred embodiment and the accompanying drawings, in
which:

FIG. 1 1s a three-dimensional view of a surface cleaner
and collector system according to this invention;

FIG. 2 1s a three-dimensional partially cut away view of
a portion of the surface cleaner and collector system of FIG.
1;

FIG. 3 1s a cross-sectional view of the surface cleaner and
collector system shown taken along line 2—2 of FIG. 2;

FIG. 3A1s a three-dimensional view of the bottom surface
of the filter and surface shown in FIGS. 2 and 3;

FIG. 4A 1s a three-dimensional view of an alternative air
delivery device;

FIG. 4B 1s a three-dimensional view of another alternative
air delivery device;

FIG. § 1s a three-dimensional view of a Coanda air knife;

FIG. 6A 1s a schematic view of one configuration of the
air delivery system of this invention;

FIG. 6B 1s an alternative configuration of the air delivery
system used in this invention;
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FIG. 7A 1s a partial three-dimensional view of the filter
and filter carrier assembly according to this invention;

FIG. 7B 1s an end view of the cover housing, filter and
filter carrier assembly according to this mmvention;

FIG. 8A 1s a front cross-sectional view of the surface
cleaner and collector system of FIG. 2 depicting the end
seals;

FIG. 8B 1s a front cross-sectional view of the surface
cleaner and collector system of FIG. 2 depicting active end
seals;

FIG. 9 15 a cross-sectional view of the surface cleaner and
collector system taken along line 2—2 of FIG. 2 depicting
the gap adjustment means;

FIG. 10 1s a cross-sectional view of an alternative two-
filter configuration according to this invention;

FIG. 11 A1s a partial cross-sectional view of an alternative
to an 1dler roller which suspends the surface to be cleaned
above a stationary surface by a cushion of air;

FIG. 11B 1s a partial cross-sectional view of a surface
cleaner and collector system according to this invention
utilizing the configuration of FIG. 11A;

FIG. 12A 1s a side cross-sectional view of an alternative
embodiment of the surface cleaner and collector system
according to this mnvention for use 1n cleaning a flat web or
surface;

FIG. 12B 1s a partial cut away view of the surface cleaner
and collector system of FIG. 12A;

FIG. 13A 1s a top partially cut away view of the surface
cleaner and collector system of FIG. 12A including two
additional air knives positioned proximate the edges of the
surface to be cleaned to achieve active edge sealing;

FIG. 13B 1s a three-dimensional, partially cut away view
of an alternative embodiment of the surface cleaner and
collector system of FIG. 13A;

FIG. 14 1s a schematic view of an alternative embodiment
of a surface cleaner and collector system according to this
invention which includes a remotely located canister and
filter for collecting contaminants;

FIG. 15 1s an alternative embodiment of a surface cleaner
and collector system according to this mnvention for simul-
taneously cleaning opposite surfaces;

FIG. 16 1s a three dimensional view of the surface cleaner
and collector system of FIG. 12A or FIG. 15 within an
enclosure;

FIG. 17 1s a schematic view of the basic air supply system
of this invention;

FIG. 18 1s a schematic view of a recirculated air supply
system of this invention with a regulated output;

FIG. 19 1s a schematic diagram of the air supply system
of this invention utilizing an air amplifier; and

FIG. 20 1s a schematic diagram of an alternative recircu-
lated air flow system according to this invention.

There 1s shown 1n FIG. 1 a surface cleaner and collector
system 10 which may be used to clean the surface of web 12.
System 10 includes cover housing and base portion gener-
ally designated as 14 and 16, respectively. Although not
shown, base portion 16 1s typically mounted to some sort of
support structure. Cover housing 14 1s pivotally intercon-
nected with base frame 17 and 17' of base portion 16 and
pivots about pivot member 18 and a corresponding pivot
member (not shown) at the other end of base portion 16 and
cover housing 14. Pistons 20 and 22, which are intercon-
nected at their first ends with cover housing 14 and at their
second ends with end walls 19 and 19, control the position
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of cover housing 14 with respect to base portion 16. As the
pistons are extended, cover housing 14 1s moved mnto an
open position as shown 1n FIG. 1, and when the pistons are
retracted cover housing 14 1s moved 1nto a closed position
as shown 1n FIG. 2. Pistons 20 and 22 are operated under
pneumatic control or by air pressure supplied to the pistons
by lines 21. In the closed position, cleaning of web surface
12 can be effected as described 1 detail below by estab-
lishing a positive pressure chamber within cover housing 14

and introducing pressurized air to the surface of web 12.

Idler roller support 23 mounted on base frame 17 of base
portion 16 rotatably supports idler roller 24 which m turn
supports web 12 and enables movement of web 12 through
surface cleaner and collector system 10, in this example, 1n
the direction of arrow 26; however, web 12 could be passed
through system 10 1n either direction. As web 12 1s moved
into surface cleaner and collector system 10 1t passes 1n close
proximity to a pair of static eliminator bars 26 and 28,
supplied with a potential over lines 27 and 29, respectively,
o create 1onized air to remove static electric charge on the
web 12 and debris to be removed from the surface of web 12
before 1t enters system 10.

Cover housing 14 includes manifolds 30 and 32 which
supply an air flow to one or more air sources within cover
housing 14 as shown 1n detail in FIGS. 6A and 6B. Cover
housing 14 also includes filter 34 for collecting debris such
as contaminants removed from web 12 and filter carrier
assembly 36 which enables easy installation and removal of

filter 34.

A partial cross-sectional view along both the length and
width of cover housing 14 1n the closed, cleaning position 1s
shown 1n FIG. 2. In this position, cover housing 14 1s closed
and covers a portion of the surface of web 12. Pressurized
air sources 38 and 40 (shown in phantom) which supply a
pressurized airflow indicated at arrows 39 to the surface of
web 12 to remove debris, peripheral seal 42, filter 34 which
filters the removed debris and allows the air flow to pass, and
the end seals described below with regard to FIGS. 8A and
8B, establish positive pressure chamber 43 (i.e. above
atmospheric) which is described in more detail below with
regard to FIG. 3. The pressurized air sources are typically
located approximately 0.002 to 0.500 inches from the sur-
face. Creating positive pressure chamber 43 enables effec-
five and clean removal of contaminants or particulate matter
from the surface of web 12 without the need for powerful
and noisy vacuum systems or the need to mechanically
contact the surface being cleaned as required 1n prior art
systems.

A cross-sectional view of cover housing 14 and idler
roller 24 1n FIG. 3 illustrates the surface cleaning operation
within positive pressure chamber 43. As noted above, posi-
tive pressure chamber 43 1s created by air sources 38 and 40
in conjunction with peripheral seal 42 and filter 34 which 1s
positioned by filter carrier sides 86 and 88. Idler roller 24
rotates as web 12 moves past air sources 38 and 40, both of
which provide a high pressure airflow 39 which impinges on
the surface of web 12 and which provides an increased
positive pressure in chamber 43. Air flow 39 causes scrub-
bing of surface 12 and removal and entrainment of contami-
nants 44 from the surface of web 12. The positive pressure
in chamber 43 drives air 39 with entrained contaminants 44
through filter 34 which removes the contaminants and passes
the air 1n the direction of arrows 46 and 48 through air return
ducts 50 and 52 to outlets 54 and 56 where 1t 1s introduced
into the air stream indicated by arrows 55 and 57 and 1is
drawn back 1nto positive pressure chamber 43. Excess air 1s
vented at the ends of ducts 50 and 52 at the open ends of
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cover 14. As an alternative to recirculating the air flow, ducts
50 and 52 could be eliminated by providing walls 47 shown
in phantom which direct the air flow through an opening in
cover housing 14. In another alternative configuration, filter
34 may be omitted or replaced by a coarse filter with the
addition of a collector 51, shown 1n phantom, which may be
provided to collect contaminants 44 that pass through filter
34 and mesh screen 49. A second filter 53, also shown 1n
phantom, may be provided to further filter the air flow to
remove any contaminants not collected by filter 34 or

collector 31.

In yet another alternative configuration, filter 34' could be
located remotely from cover housing 14 1n, for example,
canister 35, shown 1n phantom, which 1s interconnected with
positive pressure chamber 43 by duct 37, also shown 1n
phantom. Duct 37 transports entrained contaminants 44 to
canister 35 where they are collected. The air flow from
positive pressure chamber 43 passes through filter 34' and
out into the atmosphere.

As shown 1n FIG. 3A the bottom surface of filter 34 which

receives the imncoming air flow with entrained contaminants
typically will include distinct areas of contaminants 44 (type
A) and 44', which may be a different type of contaminant
(type B), in positions which correspond to the location of the
contaminants on the surface of web 12. It 1s possible to
observe the pattern of contaminants on the surface of filter
34 and use this pattern as an analytical tool 1n determining
the source of contaminants on web 12, as the contaminants
do not diverge much from web 12 to the surface of filter 34.
In this figure filter 34 1s shown rotated to 1llustrate collection
of contaminants and surface 12, although shown 1n FIGS. 1
and 2 being transported around 1dler roller 24, 1s shown 1n
a flat configuration for illustration purposes.

Although in the particular embodiment shown 1n FIGS. 2
and 3, two air sources 38 and 40 are used, 1n fact, only one
could be a pressurized air source; the other one could be a
conventional sealing device. Further, 1n this figure both air
sources 38 and 40 are Coanda type air knives which cause
the air coming out of narrow slits 38 and 60 to follow the
curvature of surfaces 62 and 64 of air sources 38 and 40. The
construction of air sources 38 and 40 1s described 1n more
detail below with regard to FIG. 5. Although Coanda air
knives are the preferred type of air source, conventional air
knives such as 38a shown 1n FIG. 4A, or even a series of
nozzles such as 386 shown 1n FIG. 4B, can be used.

The preferred Coanda type air knife 38, FIG. 5, includes
a channel 66 which receives pressurized air from manifold
30 or 32, FIG. 1, or both, as shown 1n FIGS. 6A and 6B. In
FIG. 6A, channel 66 of air knife 38 and channel 68 of air
knife 40 are interconnected with channel 65 of manifold 30
at one of their ends which supplies channels 66 and 68 with
pressurized air. At the other ends of channels 66 and 68 arc
plugs 69 and 70. Manifold 30 receives pressurized air at inlet
71 of channel 65 and includes a plug 72 at the opposite end
on channel 65. In FIG. 6B channels 66 and 68 of air knives
38 and 40 are connected at their first end with manifold 30
which supplies the channels with pressurized air and at their
second ends with manifold 32 which also supplies channels
66 and 68 with pressurized air introduced into inlet 73 of
channel 74. The other end of channel 32 of manifold 74 1s
scaled by plug 75. Referring again to FIG. 5, channel 66
terminates 1n exit slot 538 defined by an areca formed by
machining or the use of a shim between cover portion 76 and
base portion 78 of air knife 38. Slot 38 forces the air out 1n
the direction of arrows 67 so that i1t impinges upon on the
surface of web 12 (not shown in this figure). Because surface
62 of base portion 78 extends beyond the termination of
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cover portion 76, atmospheric pressure which 1s higher than
the pressure of the air flow, causes a positive pressure 1n the
direction of surface 62 causing the air flow 67 to follow the
contour of surface 62. This effect 1s often referred to as the
Coanda effect and air kmives which operate 1n this manner
are generally referred to as Coanda air knives.

Filter 34 and filter carrier assembly 36 are partially shown
in more detail mn FIGS. 7A and 7B. Filter 34, FIGS. 7A and
7B, 1s 1nstalled through an opening 80 1n the underside of
filter carrier assembly 36 and 1s retained therein by means of
frictional contact with seals 82 and 84 and upper surfaces 86
and 88 of filter carrier assembly 36. Filter carrier assembly
36 includes handle 90 which enables easy installation and
removal of 1t from cover housing 14. Filter carrier assembly
36 includes top pressure clips 91 and 92 at 1ts first end and
two other pressure clips (not shown) at its other end. It also
includes four side pressure clips, only two of which, clips 93
and 94, are shown 1n these figures. These clips engage
complementary clips 95-98 within cover housing 14 located
near 1ts first end to secure the assembly 1n place. There are
also four other complementary clips within cover housing
14, (not shown) located near its other end which engage the
four pressure clips on filter carrier assembly 36 which are
also not shown. Assembly 36 1s secated upon peripheral seal

42.

FIG. 8A depicts the air seals formed at the ends of i1dler
roller 24 by close gaps 100 and 101 which are approximately
0.005 1n. to 0.100 1n. The close gaps restrict the air escape
from chamber 43 to minimize the unwanted release of
contaminants 44. When filter 34 provides little back-
pressure to chamber 43, and when there 1s adequate air flow
through the filter 34, the close gaps 100 and 101 can allow
entrainment of air moving into chamber 43, thus providing
an elfective seal. Alternatively, the end seals may be actively
achieved by providing additional air sources, such as air
knives 102 and 104, FIG. 8B, at the ends of idler roller 24
to provide an additional air flow 1nto and seal the ends of
chamber 43. Air knives 102 and 104 also serve as manifolds
to supply air to air sources 30 and 32. Also alternatively, the
end seals to the idler roll may be accomplished by any of the
mechanical seal systems known to those skilled 1n the art.

Surface cleaner and collector system 10, as shown 1n FIG.
9, allows for the adjustment of gaps 105, 106 between the
surface of web 12 and air sources 38 and 40. This 1is
accomplished by adjusting set screws 108 (within end walls
19 and 19') which contact manifolds 30 and 32 of cover
housing 14 by using hex wrench 110. Adjusting set screws
108 moves the closed position of cover housing 14 more
open or closed by contacting manifolds 30 and 32. Cover
housing 14 pivots about pivot point 18, but because of the
selected geometry, when one end of the cover housing 14 is
raised and the other end swings about pivot 18 both gaps 105
and 106 remain essentially equal in size throughout the
adjustment range.

In an alternative embodiment, surface cleaner and collec-
tor system 10a, FIG. 10, can be equipped with two filters 34a
and 344" which are set upon peripheral seals 42a and 424'.
There 1s a divider member 112 which pivots about point 113
to divide positive pressure chamber 43a 1nto two sections
and to divide the air flow between the two filters 34a and
34a'. Also, divider member 112 may be moved 1nto contact
with either peripheral seal 42a or 424’ to prevent the air flow
through either filter 34a or 34a' so that the filters may be
changed without interrupting the surface cleaning process.

An alternative to the idler roller 1s a stationary surface
24a, FIGS. 11A and 11B, which includes a plurality of air
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vents 114-116 on 1ts surface for creating an air cushion in
cgap 117 formed between surface 24a and web 12 for floating
web 12 above the surface 24a. This type of surface can be
used 1n those applications which require that the web not
contact the i1dler roller. As shown 1n FIG. 11B, air flotation
bar 23a, which supports stationary surface 24a, includes a
port 118 for interconnecting with a pressurized air source to
provide vents 114-116 with a pressurized air flow. In this
configuration, end seals 100 and 101 can be made by

contact, since there 1s no relative motion of the surfaces.

An alternative embodiment of this invention 1s shown 1n
FIGS. 12A and 12B where surface cleaner and collector
system 10a 1s configured to clean a flat surface such as web
or plate 12a. This system 1s configured similarly to surface
cleaner and collector system 10, FIG. 1, as it includes a
cover housing 14a which includes therein sealed positive
pressure chamber 43a established by air sources 38a, 40a,
filter 34a and peripheral seal 42a. Pressurized air indicated
at arrows 39a 1mpinges upon the surface of web or plate 124
to remove and enfrain contaminants and carry them into
filter 34a where they are retained as the air flow passes
through the filter. Side walls 120 and 122 support filter 344,

air sources 38a and 40a and provide seals to the surface.

Another alternative embodiment of this invention, surface
cleaner and collector system 10b, 1s shown 1n FIG. 13A. In
this embodiment, there are included two air sources 385, 40H
(not shown) which provide an air flow parallel to the
direction of web movement indicated by arrow 121 and two
other air sources 122 and 124 which provide an air flow
perpendicular to the direction of web movement. These two
additional air sources provide additional sealing of positive
pressure chamber 43b as well as additional scrubbing of web
12b and entrainment of contaminants and the combination of
alr sources form a peripheral boundary of air tlow directed
toward chamber 435 and surface 126. It will be apparent to
those skilled 1n the art that the same effect can be accom-
plished by the use of a number of air sources arranged to
provide the same effect.

Surface cleaner and collector system 105", FIG. 13B, 1s an
alternative embodiment to the surface cleaner and collector
system 105, FIG. 13A. Air source 38b' 1s circularly shaped
such that 1t provides a peripheral boundary of air flow
directed toward surface 12b' and chamber 43b'. Shaped air
source 38b' could be formed in one continuous piece or 1t
could be formed of several component pieces. Moreover, air
source 38b' need not be circular and 1t may be formed of
various shapes which will apparent to those skilled 1n the art.
Air source 38b'1s a Coanda type air knife which 1s composed
of a cover portion 76b' and a base portion 78b' with channel
66b' formed therein terminating 1n exit slot 58b'. Com-
pressed air 1s supplied to channel 66b' by means of air supply
30b'. Air exiting exit slot 385" 1s shown at arrow 67b' to
impinge upon the surface 125, travel through chamber 435’
and circular filter 34b'. Although the air source 38b' 1n this
figure 1s shown to be of the Coanda type any of the
alternative configuration, such as those shown in FIGS. 4A
and 4B can be used.

Placing a filter proximate the web surface to be cleaned 1s
not a necessary limitation of this invention. As shown in
FIG. 14 surface cleaner and collector system 10c¢ does not
utilize a filter within cover housing 14c¢, but rather there 1s
included exhaust port 125 through which entrained particles
are removed and delivered to a remotely located bulk
canister 126, for example, where the removed particles 44c¢
are collected. The exhaust air indicated at arrows 127 flows
through filter 128 to remove any entrained contaminants not
collected 1n bulk canister 126.




J,836,044

11

Both sides of a flat surface such as web or plate 12d, FIG.
15, can be cleaned by positioning surface cleaner and
collector system 10d on the upper surface of web 12d and
surface cleaner and collector system 10d' on the lower
surface.

As shown 1n FIG. 16 surface cleaner and collector system
104 and, optionally, surface cleaner and collector system
104" may be contained within an enclosure 130. Air vents
132 and 134, for example, on the top and bottom surfaces of
enclosure 130, respectively, may be included to allow the air
flow generated by the air sources to escape from the enclo-
sure after filtration. Also included are side walls 1205, 1224
and 120d' and 122d' (not shown) to support the air sources,
and/or provide a manifold function, and/or provide seals.

FIGS. 17-20 illustrate various ways of obtaining better
ciiciency of the air supply. The pressure and flow rate
numbers used are only exemplary. Those skilled in the art
could obtain more realistic numbers based on actual energy
available with the compressed air and energy losses that
would take place 1n a system of this type.

Air supply 130, FIG. 17, supplies a 100 ps1 air flow at 60

scfm (standard cubic feet per minute) to regulator 132 which
provides a regulated air flow of 5 psi1 at 60 sctm to air knife
134 over line 136. In these FIGS., 17-20, the air supply 1s
shown schematically to be supplied over a line, however,
this air supply would actually be provided over a line to a
manifold, as described above, which would in turn supply
the air sources with the pressurized air. In the small gap
between air source 134 and idler roller 138 1s entrained
approximately 50 scim of air from the atmosphere which 1n
combination with the supplied air flow 1mpinge upon the
surface of the web supported by 1dler roller 138 and entrain
contaminants which with the airflow travel into filter 140. As
can be seen at arrow 142, 110 sctm of air 1s exhausted to the
atmosphere. With this configuration, a positive pressure of
approximately 0.1 inch WG (water gauge) in positive pres-
sure chamber 144 1s achieved, a result of back-pressure

through filter 140.

A shightly different configuration which recirculates a
portion of the air flow from the filter 1s shown 1n FIG. 18.
Here, air supply 130a also supplies 100 psi at 60 scim to
regulator 132a which 1n turn supplies a regulated air flow to
air source 134a over line 1364. In this configuration 60 sctm
1s supplied by air source 134a, 20 sctm of air flow 1is
entrained from the atmosphere and 70 scim 1s recirculated
from the air flow out of filter 140a. The airflow output of
filter 140a 1s 150 sctm, but because output regulator 144a 1s
utilized only 80 scim 1s exhausted to the atmosphere while
the remaining 70 sctm 1s recirculated to be used to scrub the
surface of the web on 1dler roller 138a. With this configu-
ration an increase 1n positive pressure from 0.1 inch WG to
10.1 inches WG 1s achieved 1n positive pressure chamber
1444, 0.1 inch WG as a result of back pressure through filter
1404, and 10 1nches WG as a result of output regulator 144a4.

A configuration similar to that of FIG. 18 1s depicted 1n
FIG. 19; however, 1nstead of utilizing a regulator, an air
amplifier 13256 1s utilized. The air amplifier entrains 50 sctm
of air from the atmosphere and only requires an air supply
of 100 ps1 at 10 scfm as an 1nput 1n order to supply over line
136b 5 psi at 60 scim. This air amplifier configuration could
be utilized 1n the system of FIG. 17. In the configuration
shown 1n FIG. 20 air amplifier 132¢ 1s utilized and as i FIG.
19 only requires an air supply from 130c¢ of 100 psi at 8 sctm
to supply the same regulated output of 5 psi at 60 scim.
However, instead of entraining 50 scfm of air from the
atmosphere, 52 scim 1s recirculated from regulator 144c.
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Regulator 144¢ provides a regulated output of 28 scim to the
atmosphere and recirculates 70 scfm back to the 1nput of the
positive pressure chamber 144c¢ to be combined with the 20
scim which 1s entrained from the atmosphere and the 60
sctm which 1s supplied from air source 134c.

Although specific features of this invention are shown 1n
some drawings and not others, this is for convenience only
as each feature may be combined with any or all of the other
features 1n accordance with the invention. Other embodi-
ments will occur to those skilled 1n the art and are within the
following claims:

What 1s claimed 1s:

1. A surface cleaner and collector system comprising:

a chamber having an opening for receiving a surface to be
cleaned;

a pressurized air delivery system proximate said surface
for establishing an air flow for loosening and entraining
contaminants on said surface;

a collector for trapping said entrained contaminants and
passing the air flow, the entrained contaminants
directed to said collector preventing their escape from
said system;

a sealing system for sealing said collector with respect to
sald chamber; and

a delivery system for transporting the surface through the

opening 1n said chamber.

2. The surface cleaner and collector system of claim 1 in
which said surface delivery system includes an idler roller,
at least a portion of which 1s positioned within the opening
of said chamber, for supporting the surface and itroducing
it to said chamber.

3. The surface cleaner and collector system of claim 1
further including a static eliminator system for reducing the
static electricity which binds the contaminants to the sur-
face.

4. The surface cleaner and collector system of claim 3 1n
which said surface to be cleaned 1s one side of a thin material
having two sides, a side to be cleaned and a side not to be
cleaned, and said static eliminator system including at least
two static eliminator bars proximate each of said sides, said
thin material positioned therebetween.

5. The surface cleaner and collector system of claim 1 1n
which said air delivery system includes at least one air
delivery device positioned proximate the surface.

6. The surface cleaner and collector system of claim 5 1n
which said air delivery device 1s positioned 0.002 to 0.500
inches from the surface.

7. The surface cleaner and collector system of claim 5 1n
which said air delivery device has a length substantially
equal to the width of the surface to be cleaned.

8. The surface cleaner and collector system of claim 5 1n
which said at least one air delivery device includes a Coanda
air knife.

9. The surface cleaner and collector system of claim 1 in
which said air delivery system includes two spaced air
delivery devices positioned proximate the surface.

10. The surface cleaner and collector system of claim 9
which said air delivery devices are each positioned 0.002 to
0.500 mches from the surface.

11. The surface cleaner and collector system of claim 9 1n
which said air delivery devices include Coanda air knives.

12. The surface cleaner and collector system of claim 9
further including a manifold interconnected with one end of
said two air delivery devices for supplying air thereto.

13. The surface cleaner and collector system of claim 9
further including two manifolds, one manifold being inter-
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connected with one end of each said air delivery device and
the second manifold being interconnected with a second end
of each said air delivery device.

14. The surface cleaner and collector system of claim 9 1n

which said two air delivery devices have lengths substan-
tially equal to the width of the surface to be cleaned.

15. The surface cleaner and collector system of claim 9
further 1including means for adjusting the spacing between
said air delivery devices and said surface.

16. The surface cleaner and collector system of claim 15
further including a surface delivery system for transporting
the surface through the opening 1n said chamber 1n which
said means for adjusting includes means for rotatably posi-
tioning said air delivery devices proximate the surface,
wherein said means for positioning 1s hinged to said surface
delivery system at one end and movable at 1ts other end such
that the spacing between each said air delivery device and
said surface remains substantially equal throughout adjust-
ment.

17. The surface cleaner and collector system of claim 1 1n
which said sealing system includes end seals for sealing said
collector and said chamber with respect to said surface
delivery system.

18. The surface cleaner and collector system of claim 17
in which said end seals include a gap formed by locating the
ends of said surface delivery system no greater than approxi-
mately 0.200 inches from the opening of said chamber
thereby limiting the escape of contaminants.

19. The surface cleaner and collector system of claim 17
in which said edge seals include at least two air delivery
devices 1n close proximity to both ends of said surface
delivery system for secaling the edges of said chamber
proximate the edges of the surface.

20. The surface cleaner and collector system of claim 1 1n
which said collector includes a filter for trapping the
entrained contaminants and passing the air flow.

21. The surface cleaner and collector system of claim 20

in which said filter 1s located proximate the surface and 1n a
confronting relationship with respect to the surface so that
the pattern of contaminants on the surface i1s depicted on the
filter surface.

22. The surface cleaner and collector system of claim 20
further including a filter carrier system for removably posi-
tioning said filter proximate said chamber.

23. The surface cleaner and collector system of claim 22
in which said filter carrier system includes a removable filter
carrier assembly for supporting said filter and a filter carrier
assembly receiving means for receiving said filter carrier
assembly.

24. The surface cleaner and collector system of claim 23
in which said filter carrier assembly includes a plurality of
pressure clips which engage a like plurality of pressure clips
on said filter carrier receiving means for securing said filter
carrier assembly 1n place.

25. The surface cleaner and collector system of claim 1
further including means for recirculating the passed air flow
from said collector and for mtroducing a recirculated air
flow 1nto the air flow established by said air delivery system.

26. The surface cleaner and collector system of claim 2§
in which said means for recirculating includes means for
filtering the recirculated air tlow.

27. The surface cleaner and collector system of claim 2§
in which said means for recirculating includes collector
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means for collecting heavier contaminants entrained in the
passed air tlow.

28. The surface cleaner and collector system of claim 23
in which said means for recirculating 1includes output regu-
lator means for recirculating a portion of the passed air flow
to 1ncrease said air flow and exhausting the remaining air
flow to the atmosphere.

29. A surface cleaner and collector system comprising:
a chamber having an opening for receiving a surface to be
cleaned,;

a pressurized air delivery system proximate said surface
for establishing an air flow pattern for loosening and
entraining contaminants on said surface;

means for sealing said chamber against the escape of said
entrained contaminants from said chamber, said means
for sealing said chamber including end seals for sealing
said collector and said chamber with respect to said
surface delivery system;

a collector for trapping said entrained contaminants and
passing said air flow; and
a surface delivery system for transporting the surface

through the opening 1n said chamber.
30. The surface cleaner and collector system of claim 29

in which said means for sealing mcludes a pressurized air
source outlet which creates a tangential air flow over said
surface for creating an air flow which seals said collector
against the escape of said contaminants.

31. The surface cleaner and collector system of claim 29
in which said surface to be cleaned i1s one side of a thin
material having two sides, a side to be cleaned and a side not
to be cleaned, and a static eliminator system including at
least two static eliminator bars proximate each of said sides,
said thin material positioned therebetween.

32. A surface cleaner and collector system comprising:

a chamber having an opening for receiving a surface to be
cleaned,;

a pressurized air delivery system proximate said surface
for establishing an air flow for loosening and entraining,
contaminants on said surface;

a collector for trapping said entrained contaminants and
passing the air flow, the entrained contaminants
directed to said collector preventing their escape from
said system;

a sealing system for sealing said collector with respect to
sald chamber; and

a static eliminator system for reducing the static electric-
ity which binds the contaminants to the surface.
33. A surface cleaner and collector system comprising:

a chamber having an opening for receiving a surface to be
cleaned;

a pressurized air delivery system proximate said surface
for establishing an air flow for loosening and entraining
contaminants on said surface, said air delivery system
including two spaced air delivery devices positioned
proximate the surface;

a collector for trapping said entrained contaminants and
passing the air flow, the entrained contaminants
directed to said collector preventing their escape from
said system; and

a sealing system for sealing said collector with respect to
said chamber.
34. A surface cleaner and collector system comprising:

a chamber having an opening for receiving a surface to be
cleaned;
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a pressurized air delivery system proximate said surface
for establishing an air flow for loosening and entraining
contaminants on said surface;

a collector for trapping said entrained contaminants and
passing the air flow, the entrained contaminants
directed to said collector preventing their escape from
said system;

5
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a sealing system for sealing said collector with respect to
said chamber; and

means for recirculating the passed air flow from said
collector and for introducing a recirculated air flow 1nto

the air flow established by said air delivery system.
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